Purpose: This study was conducted to (1) compare diet quality among depressed and nondepressed overweight and obese rural-dwelling adults and (2) determine whether body mass index (BMI) category moderates the relationship between depressive symptoms and overall diet quality.
Methods:
Rural adults in Kentucky (n = 907) completed the 9-item Patient Health Questionnaire (PHQ-9) that assessed depressive symptoms and a food frequency questionnaire that generated 2005 Healthy Eating Index (HEI) scores. Participants were grouped into overweight (BMI 25-29.9 kg/m 2 ) and obese (ࣙ30 kg/m 2 ), and nondepressed (PHQ-9 < 10) and depressed (PHQ-9 ࣙ 10) groups. Bootstrapped ANCOVAs were used to compare diet quality among the 4 groups. Ordinary least-squares regression using PROCESS was used to determine whether BMI category (overweight vs obese) moderated the association between depressive symptoms and overall diet quality.
Results:
Overall diet quality was poorer in the obese depressed group than in the obese nondepressed group. Intake of fruit and dark green/orange vegetables and legumes was lower in the obese depressed group than in the overweight nondepressed group. Depressive symptoms predicted poor overall diet quality (B = −0.287, P < .001) and the relationship was moderated by BMI category (coefficient of BMI category * depressive symptom interaction term = 0.355, P < .049). A significant inverse relationship between depressive symptoms and overall diet quality was observed in the overweight group but not in the obese group.
penalty" whereby higher mortality rates are observed in rural/nonmetropolitan areas than in urban/metropolitan areas. 6, 7 Depressive symptoms and diet quality are 2 interrelated modifiable chronic disease risk factors that may underlie rural-urban health disparities. Depression prevalence is greater in rural compared to urban areas, 8 and negative associations between depressive symptoms and diet quality have been reported in various populations. [9] [10] [11] [12] [13] Depressive symptoms may be related to rural residents being less likely than urban residents to consume recommended daily amounts of fruits and vegetables, 14 which decreases the risk for chronic conditions including stroke 15 and coronary heart disease. 16 Fewer than 2% of rural residents have healthy diets defined as a Healthy Eating Index score above 80. 17, 18 Although a variety of diet quality measures have been used, evidence links higher diet quality scores to favorable health outcomes including better physical functioning 19 and lower risk for type II diabetes, cardiovascular disease (CVD), cancer, and mortality. 20 Rural residents are more likely to be obese than urban residents, 21, 22 and consequently they are at greater risk for weight-related chronic conditions. Obese rural adults may be at high risk for experiencing depressive symptoms given evidence of a U-shaped association between body mass index (BMI) and depressive symptoms, [23] [24] [25] which suggests that those who are overweight may experience a lower depressive symptom burden than those with greater obesity severity. While both overweight and obese rural adults are at risk for weight-related chronic conditions, those who are obese and depressed may be more likely to consume a low-quality diet that further increases chronic disease risk. Determining differences in diet quality between overweight and obese rural adults by depressive symptom status may inform future efforts to improve specific aspects of diet quality where known deficits exist and potentially reduce the risk for chronic conditions in this high-risk population.
Obesity severity has been proposed to moderate the association between depression and obesity, with researchers advocating for studies that adopt moderator/mediator frameworks to further understand these complex relationships. 26 Determining whether BMI category moderates the relationship between depressive symptoms and diet quality in high-risk overweight and obese rural-dwelling adults could provide insight about whether the magnitude or direction of this relationship varies by weight status. Such insight may be beneficial for researchers and health care providers when assessing overweight and obese rural adults who may be at risk for having both poor diet quality and depressive symptoms. Therefore, the aims of this study were to (1) compare diet quality among depressed and nondepressed overweight and obese rural-dwelling adults and (2) determine whether BMI category moderates the relationship between depressive symptoms and overall diet quality in this high-risk population.
Methods

Design
This was a secondary analysis using data from the RICH Heart Program Data Bank, which included baseline data from a subsample of overweight and obese adults participating in the Heart Health in Rural Kentucky study. Details of the study have been published elsewhere. 27 In brief, the Heart Health study was a 2-phased communitybased study designed to improve self-management of CVD risk factors in rural Kentucky adults. The first phase was a randomized, controlled, wait-list intervention conducted in a rural eastern Kentucky, and the second phase was a larger pre-and posttest intervention conducted in 3 other rural areas in Kentucky. Both studies incorporated a "whole health" approach encouraging behavioral changes to improve eating habits, physical activity, medication adherence, and psychological health.
Sample and Setting
Adults living in rural areas were eligible to participate in the study if they met any of the following inclusion criteria: diagnosed with CVD, had 2 or more CVD risk factors, and/or had genetic or congenital heart disease. Risk factors for CVD included age >44 in men or >55 in women; self-reported psychosocial stressors including depression, anxiety, or chronic stress; family history of CVD; history of hypertension or current treatment; abnormal lipids or current treatment; diabetes or gestational diabetes; current smoker; overweight or obese; sedentary lifestyle; and having a diet high in saturated fat, total fat, or low fruit and vegetable intake. Exclusion criteria included taking medications that interfere with lipid metabolism; cognitive impairment; non-English speaking; chronic drug abuse; end-stage renal, liver, or pulmonary disease; active cancer other than skin cancer; gastrointestinal conditions requiring special diets; and conditions severely limiting mobility.
Participants were recruited from 4 sites in eastern and central Kentucky. Recruitment sites were located within nonmetropolitan (ie, rural) counties as defined by the United States Department of Agriculture (USDA) Economic Research Service's Rural-Urban Continuum Codes (RUCC). 28 Rural-Urban Continuum Codes range from 1 to 9 with higher scores indicating greater rurality.
Metropolitan (ie, urban) counties are classified according to the size of their metropolitan areas, while nonmetropolitan counties are classified by degrees of urbanization and adjacency to metropolitan areas. For this study, we used Rural-Urban Continuum Codes 4-9 to designate rural counties.
28
Measures
Healthy Eating Index Scores
The VioScreen online food-frequency questionnaire (FFQ; Viocare Inc., Princeton, New Jersey) was used to collect data on dietary patterns that were used to generate HEI-2005 scores. This FFQ incorporates food images to assist participants when estimating portion sizes and prompts participants for additional details as responses are being recorded. Food and nutrition information from the Nutrition Coordinating Center Food and Nutrient Database is used to generate the dietary analysis, and HEI scores are automatically calculated. 29 This FFQ has been shown to reliably measure energy-adjusted macronutrient intake when compared with 6, 24-hour dietary recalls conducted over 90 days and performs as well as paperbased FFQs. 30 For energy-adjusted macronutrient intake, the FFQ underestimates fat (5%) and protein (4%), and overestimates carbohydrates (4%).
The HEI-2005 is a measure of diet quality developed by the USDA's Center for Nutrition Policy and Promotion to monitor adherence to 2005 national dietary recommendations. The HEI-2005 contains 9 adequacy and 3 moderation components that include all the MyPyramid major food groups and recommendations from the 2005 Dietary Guidelines and MyPyramid (eg, whole grains to reflect that half of consumed grains should be whole). 31 The 9 adequacy components include total fruit (5 points), whole fruit (5 points), total vegetables (5 points), dark green and orange vegetables and legumes (5 points), total grains (5 points), whole grains (5 points), milk (10 points), meat and beans (10 points), and oils (10 points). The 3 moderation components include saturated fat (10 points), sodium (10 points), and calories from solid fats, alcoholic beverages, and added sugars (20 points). Standards for components were based upon participant data from the 2001 to 2002 National Health and Nutrition Examination Survey (NHANES), which provided one 24-hour dietary recall. 31 Recommended amounts of food consumption were based on the USDA's 12 MyPyramid food patterns, adequate intakes, and tolerable upper intake levels. These recommended amounts were then converted to densities and expressed in amounts per 1,000 calories. Higher scores for each HEI component represents an intake closer to the standard, and maximum points are awarded for meeting the standard. Moderation components are reverse scored (ie, greater intake corresponds with a lower score) due to the need to consume less of these items. The HEI-2005 total score is calculated by summing the component scores and can range from 0 to 100 with higher scores indicating better diet quality. Guenther and colleagues 32 reported that HEI-2005 scores were high for menus developed by nutrition experts and that 9 of the 12 component scores were lower in smokers compared to nonsmokers. Further, low correlations among component scores with total energy were observed, suggesting that the HEI-2005 captures diet quality independent of energy intake. These findings support the validity of using the HEI-2005 as a measure of diet quality. 32 
Depressive Symptoms
Depressive symptoms were measured using the validated 9-item Patient Health Questionnaire (PHQ-9). 33 The frequency of experiencing each of the 9 items is assessed over a 2-week period with responses ranging from "0; Not at all" to "3; Nearly every day." The total score ranges from 0 to 27 with higher scores indicating higher levels of depressive symptoms. A total score of 0-4 represents minimal depressive symptoms, 5-9 mild, 10-14 moderate, 15-19 moderately severe, and 20-27 severe. We used the established PHQ-9 cut point of ࣙ10 33 to categorize participants as being depressed.
Body Mass Index
Trained research staff measured each participant's height and weight using a portable stadiometer and professionalgrade digital scale. Height was measured without shoes to the nearest 0.1 cm, and weight was measured to the nearest 0.1lb with participants wearing only light clothing without shoes. BMI was calculated as the weight in kilograms divided by height in meters squared. We categorized participants into 2 groups using a single binary variable (0 = overweight, 1 = obese) using a standard BMI cutpoint of 25-29.9 kg/m 2 for overweight and ࣙ30 kg/m 2 for obese. 34 
Other Variables of Interest
To characterize the sample, the following data were also obtained using a self-reported questionnaire: age, sex, race, marital status, education level, financial status, employment status, and when blood pressure and blood glucose had been checked by a health care provider. The Charlson Comorbidity Index 35 was used to assess participant comorbidities.
Procedure
Institutional Review Board approvals were obtained prior to recruitment and all participants provided signed informed consent. Participants were recruited from Centers of Rural Health, primary care offices, and community settings including churches, employment settings, and health fairs. Once enrolled, participants completed baseline questionnaires and underwent a brief physical exam during which trained research staff measured height and weight.
Data Analysis
Frequency distributions and descriptive statistics were examined on all variables to assess for outliers and violations of normality. Bonferroni corrected 1-way ANOVAs and chi-square tests of association were used to compare differences in sociodemographic characteristics, BMI, and depressive symptoms between the overweight and obese groups by depressed/nondepressed status.
To address Aim 1, we conducted Bonferroni corrected ANCOVAs controlling for age and sex to compare the HEI-2005 total score and component scores between overweight and obese rural-dwelling adults who were depressed and nondepressed. We used simple sampling bootstrapping of 1,000 samples at a 95% biascorrected and accelerated confidence interval to compare mean differences in HEI total and component scores due to the data being nonnormally distributed and the high frequency of maximum scores within each component.
To address Aim 2, we used Andrew F. Hayes' PRO-CESS macro for SPSS 36 (IBM Corp, Armonk, New York) to test whether BMI category moderated the relationship between depressive symptoms as a continuous variable and overall diet quality. We controlled for age, sex, and education due to their influence on diet quality. 37, 38 PROCESS uses ordinary least-squares regression in creating moderation models and offers several advantages to performing moderation analyses over standard regression procedures. PROCESS centers predictor variables and automatically computes the interaction term between the predictor and moderator variable. PROCESS also performs simple slopes analyses to determine the relationship between the predictor and outcome at levels of the moderating variable.
As a sensitivity analysis, we examined whether BMI category moderated the relationship between depressive symptoms and diet quality in participants with and without hypertension and diabetes to better assess how these risk factors affected our relationship of interest. Data analyses were conducted using SPSS version 24. An alpha level <.05 was deemed statistically significant. Table 1 shows the sample characteristics. On average, the obese depressed group was younger and obtained fewer years of formal education than the overweight nondepressed group. The overweight depressed group also obtained fewer years of formal education than the overweight nondepressed group. A greater proportion of adults in the obese depressed group reported not having enough money to make ends meet and a lower proportion retired for reasons other than illness compared to the nondepressed groups. A greater proportion of adults in the obese depressed group had retired due to illness compared to the overweight nondepressed group, and both obese groups had a greater proportion of adults with diabetes and hypertension compared to the overweight nondepressed group. The obese depressed group had a higher average BMI compared to the obese nondepressed group. There were no group differences in the proportion of adults having their blood pressure or blood glucose checked by a health care provider within the past year. Table 2 shows the differences in diet quality among overweight and obese rural adults who were depressed and nondepressed. The obese depressed group had a lower HEI total score compared to the obese nondepressed group (60.7 vs 63.1, P = .024). The obese depressed group had lower HEI component scores for total fruit and whole fruit consumption compared to the overweight nondepressed group (2.2 vs. 2.7, P = .009 and 2.7 vs. 3.1, P = .023, respectively). The obese depressed group also had a lower HEI component score for dark green vegetables, orange vegetables, and legumes compared to the nondepressed overweight and obese groups (2.3 vs 2.7, P = .024 and 2.7, P = .008, respectively). Both obese groups had a higher HEI oil score than the overweight nondepressed group. The obese nondepressed group had a lower HEI sodium score compared to the overweight nondepressed group (2.3 vs. 2.8 P = .006,) and the overweight depressed group (2.3 vs 3.2, P = .034) There were no other differences in diet quality among groups. Table 3 shows the analysis testing whether BMI category moderates the relationship between depressive symptoms and overall diet quality. The interaction term of BMI category * depressive symptoms was significant 3.9 ± 2.5 * * * * 13.5 ± 3.5 * * * * P < .05 compared to overweight nondepressed group. * * P <. 05 compared to every other group. * * * P < 0.05 compared to overweight nondepressed and obese nondepressed groups. * * * * P < 0.05 compared to the overweight depressed and obese depressed groups.
Results
Sample Characteristics
Differences in Diet Quality by BMI Category Stratified by Presence of Depressive Symptoms
BMI Category as a Moderator of Depressive Symptoms and Overall Diet Quality
(b = 0.355, P = .049), indicating that BMI category moderated the association between depressive symptoms and overall diet quality. The main effect of depressive symptoms was also significant (b = −0.287, P < .001), indicating that greater depressive symptom burden is associated with poorer diet quality. Increasing age, being female, and having a higher education were associated with having a better quality diet. Figure 1 shows the simple slopes analysis of the association between depressive symptoms and diet quality by BMI category. For the overweight group, there was a significant negative relationship between depressive symptoms and diet quality (b = −0.524, P < .001). The negative relationship between depressive symptoms and diet quality in the obese group was not statistically significant (b = −0.170, P = .065).
The sensitivity analyses testing whether BMI category moderated the relationship between depressive symptoms and diet quality in those with and without hypertension and diabetes are shown in Table 4 moderation effect was observed only in those without these conditions as shown by the interaction between BMI category and depressive symptoms. Among those without hypertension, there was an inverse association between depressive symptoms and diet quality in those who were overweight (b = −0.855, P < .001) but not obese (b = −0.062, P = .670). Among those without diabetes, the inverse association was significant in those who were overweight (b = −0.581, P < .001) but not obese (b = −0.167, P = .123).
Discussion
Depressive symptoms and poor diet quality are interrelated factors that increase risk for chronic diseases and are modifiable targets for improving the health of ruraldwelling adults. There are 2 primary findings from this study that have important rural health implications. First, overall diet quality was lower in rural-dwelling adults who were both obese and depressed compared to those who were obese and nondepressed. Those who were obese and depressed also consumed a lower quality diet with respect to fruit and certain vegetables compared to those who were overweight and nondepressed. Second, depressive symptoms were associated with poor overall diet quality in rural-dwelling adults and the negative relationship between depressive symptoms and overall diet quality was only significant for the overweight group, not for the obese group. These findings may have potential implications for screening and managing depressive symptoms in overweight and obese rural adults as part of efforts to improve diet quality and reduce rural health disparities. Several studies have provided evidence of poor diet quality in rural-dwelling US adults. 17, 18, 39 However, little is known about how specific conditions such as depressive symptoms affect diet quality in overweight or obese rural adults who are at high risk for multiple chronic conditions. We found that the obese depressed group had a poorer overall diet compared to the obese nondepressed group, but there were no differences between the overweight and obese groups. Vitolins et al. reported that older rural adults with no chronic conditions consumed more fruits and vegetables compared to those with one or more conditions. 39 In our study, obese depressed adults had a lower quality diet with respect to total fruit, whole fruit, dark green vegetables, orange vegetables, and legumes than overweight nondepressed adults. Obese depressed adults also had a lower quality diet with respect to dark green vegetables, orange vegetables, and legumes compared to obese nondepressed adults. Rural adults who are both obese and depressed may be at high risk for diet-related comorbidities due to inadequate consumption of fruits and certain vegetables. This is consistent with Lutfiyya et al.'s findings that rural adults are less likely than urban adults to consume recommended amounts of fruits and vegetables, and that nonobese rural adults are more likely than obese rural adults to meet these recommendations. 14 Our finding of a negative relationship between depressive symptoms and diet quality is in concordance with several existing studies. [9] [10] [11] [12] [13] However, as noted in 2 recent systematic reviews, there is inconsistent evidence regarding the association between diet quality and depression. 40, 41 Explanations for conflicting findings include heterogeneity in depression assessment, measurement of diet quality, and covariate selection. For example, Rahe and colleagues reported no association between scores on the Center for Epidemiologic Studies Depression Scale (CES-D) and diet quality after adjusting for multiple covariates including BMI. 42 They also found no interaction by BMI. This conflicts with our finding of a moderation effect by BMI category and may be due to our highly specific sample of rural-dwelling overweight and obese adults at high risk for CVD. Greater depression severity has been associated with poorer diet quality among obese participants with major depression, 43 providing some evidence that the relationship is strongest among those with excess body weight. Other studies using samples at high risk for CVD support an association between depressive symptoms and diet quality. Depressive symptoms have been associated with poor diet quality among hypertensive men and women with metabolic syndrome 44 and among men at high risk for CVD. 45 These findings highlight how the relationship between depressive symptoms and diet quality may vary according to various methodological considerations and individual characteristics. We anticipated the relationship between depressive symptoms and diet quality would be strongest in the obese group given evidence that the association between depression and obesity is strongest among the most severely obese.
46 Surprisingly, the negative relationship between depressive symptoms and diet quality was observed only among those who were overweight. There are a couple of possible explanations for this finding. Jacka et al. reported that people with a past history of depression who received treatment prior to participating in their study had higher prudent dietary scores even after controlling for current depression. 47 Citing evidence that health care providers infrequently provide dietary counseling, they suggest people may modify their diets to improve depressive symptoms. This suggestion has some empirical support with 1 study reporting 17% of nonSt. John Wort users and 43% of St. John Wort users changing their diet as a strategy for depression, stress, or worries. 48 Therefore, obese participants may have made favorable dietary changes to self-manage their symptoms and thus diminished the association between depressive symptoms and diet quality in this group. With low quality and poor access to clinical care being barriers to achieving optimal health among rural residents, 49, 50 obese ruraldwelling adults experiencing high depressive symptom burden may attempt behavioral self-management strategies such as adopting favorable dietary changes to improve their symptoms. Future research is needed to test this hypothesis.
Our sensitivity analyses confirmed that the negative relationship between depressive symptoms and diet quality existed only in rural-dwelling adults who were overweight and not in those who were obese. Interestingly, BMI category moderated the relationship between depressive symptoms and diet quality only in those not having hypertension or diabetes compared to having these comorbidities. Given there were no group differences in having blood pressure or blood glucose assessed by a health care provider within the past year, differential access to health care services is an unlikely explanation for this finding. However, overweight and obese rural adults having these risk factors may be receiving dietary counseling and making dietary changes that affect relationships among BMI, depressive symptoms, and diet quality. Although several unmeasured factors are likely involved, clinicians should consider assessing depressive symptoms and diet quality in overweight rural adults without diabetes and hypertension as part of efforts to reduce chronic disease risk in this population.
Despite our sample being at high risk for CVD and living in rural environments with barriers to healthy eating, 51 the overall diet quality in our sample was comparable with national estimates. The average HEI-2005 total scores in our sample of rural-dwelling adults ranged from 60.7 in the obese and depressed group to 63.1 in the obese and nondepressed group. In comparison, the average HEI-2005 total score was 57.0 among participants 40- 53 Further, they reported that HEI-2005 scores were lowest in non-Hispanic black adults compared to other racial/ethnic groups and lower among those with less formal education. However, there were a few notable differences with respect to component scores. In comparison to the total NHANES sample, 52 the groups in our sample generally consumed more sodium and saturated fat and fewer calories from solid fats, alcoholic beverages, and added sugars. They also consumed more whole grains, milk, oils, and dark green and orange vegetables and legumes. 55 While these findings suggest that rural residents engage in some healthy dietary behaviors, improvements are needed in certain areas such as decreasing intake of sodium and saturated fat.
Multiple strategies have been proposed to improve dietary behaviors as part of efforts to improve health outcomes. Population-level recommendations for improving diet quality include modifying laws, regulations, and tax policies that promote healthy eating, as well as increasing public awareness of the link between diet quality and mental health. [54] [55] [56] However, there is recognition that accessing healthy foods is particularly challenging for people living in remote and disadvantaged areas. 54 Despite overall diet quality scores being similar between those living in food secure versus food insecure areas after adjusting for demographic variables, residents in food insecure areas consume fewer vegetables than those living in food secure areas. 38 Therefore, interventions to improve the diet quality of rural adults should be tailored to address known deficits in specific dietary behaviors such as low fruit and vegetable consumption. 14 
Limitations
Several limitations of this study should be noted. Given our sample included only overweight and obese ruraldwelling adults from Kentucky, findings may not be generalizable to other rural populations having different sociodemographic characteristics and access to different amenities. We were also unable to determine temporal relationships between depressive symptoms and diet quality that may be suggestive of a causal association. However, the primary purpose of the study was to examine diet quality by overweight and obese BMI category and depressive symptom status rather than provide evidence of causal associations. Underreporting of dietary intake may also be a limitation due to several factors including social desirability, participant weight status, and depressive symptoms. 57 Finally, our results should be interpreted with caution due to other potential factors that could affect the relationship between depressive symptoms and diet quality in overweight and obese rural-dwelling adults. Although we did not adjust for CVD risk factors in our group comparisons due to concerns of shared variance confounding group effects on diet quality, 58 our sensitivity analyses suggest that the moderation effect of BMI category on the relationship between depressive symptoms and diet quality occurs in those without hypertension and diabetes compared to those with these conditions. This study potentially offers valuable insight on relationships between depressive symptoms and diet quality that may be useful for rural stakeholders in addressing rural health outcomes.
Conclusion
In conclusion, specific components of diet quality vary according to BMI category and depressive symptom status. Rural adults who were both obese and depressed had lower diet quality in several areas relative to those who were overweight and nondepressed. The relationship between depressive symptoms and overall diet quality in overweight and obese rural-dwelling adults was moderated by BMI category. The inverse relationship between depressive symptoms and diet quality was significant only for rural adults who were overweight. Interventions to reduce depressive symptoms in rural populations may be a viable strategy to improve diet quality and thus reduce risk for chronic conditions that disproportionately affect rural residents.
